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MATERIALS AND METHODS 
 
1. List of chemicals 
All chemicals used in this work are gathered in the following table. 
Name and Acronyme 
Mw 
(g.mol-1) 
Supplier 
CAS 
number 
Borax Anhydrous 201.22 Fluka 1330-43-4 
Sodium Chloride 58.44 VWR 
Chemicals 
7647-14-5 
Bovine serum albumine labelled with 
Fluorescein (BSAFITC) 
- Sigma 
Aldrich 
- 
Poly(ethylene imine) (PEI) 750 000 Sigma 
Aldrich 
9002-98-6 
Poly(acrylic acid) (PAA) 100 000 Sigma 
Aldrich 
9003-01-4 
Poly(styrene sulfonate) (PSS) 70 000 Sigma 
Aldrich 
25704-18-1 
Poly(allylamine) hydrochloride (PAH) 15 000 Sigma 
Aldrich 
71-550-12 
Alkaline Phosphatase (ALP) - TCI 
europe 
9001-78-9 
Deuterated Water (D2O) 20.03 Sigma 
Aldrich 
7789-20-0 
β-alanine, 98% 89.09 Alfa Aesar 107-95-9 
Maleic anhydride 98.06 Alfa Aesar 108-31-6 
Dimethylformamide (DMF) 73.09 Acros  
Organics 
68-12-2 
N-hydroxysuccinimide (NHS) 115.09 Alfa Aesar 6066-82-6 
N,N’-Dicyclohexylcarbodiimide (DCC) 206.33 Alfa Aesar 538-75-0 
Dichloromethane (CH2Cl2) 84.93 Acros  
Organics 
75-09-2 
Sodium Hydrogenocarbonate NaHCO3 84.01 VWR 
Chemicals 
144-55-8 
Magnesium Sulfate MgSO4 120.37 VWR 
Chemicals 
7487-88-9 
Chloroform CHCl3 119.34 Carlo Erba 67-66-3 
n-Hexane 86.18 Carlo Erba 110-54-3 
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Trifluoroacetic acid (TFA) 114.02 Alfa Aesar 76-05-1 
Deuterated DMSO (DMSO-d6) 84.17 SDS 2206-27-1 
N (3-Dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (EDC.HCl) 
191.70 Iris Biotech 25952-53-8 
Fmoc-FFY(PO4
2-) 777.85 Proteogenix - 
Fmoc-FFC 636.81 Proteogenix - 
Fmoc-GGGC 514.61 Proteogenix - 
Deuterated Chloroform (CDCl3) 120.384 Sigma 
Aldrich 
865-49-6 
MES Free Acid Monohydrate  191.24 Fisher 
Scientific 
4432-31-9 
4-nitrophenyl phosphate disodium salt 
hexahydrate, 98 %  
371.15 Alfa Aesar 4264-83-9 
N-Boc-2,2’-(ethylenedioxy)diethylamine 248.32 Sigma 
Aldrich 
153086-78-
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2. Multilayer film preparation and hydrogel self-assembly 
All polyelectrolytes and proteins were prepared in Borax buffer (25 mM, pH = 9.5). Different 
substrates were used depending on the characterization techniques used: QCM quartz crystal 
for QCM, ZnSe crystal for ATR-FTIR and silica glass for UV, fluorescence spectroscopy and 
confocal microscopy. After the deposition of a PEI (1 mg.mL-1) precursor layer on the 
substrate, the multilayer film was performed by alternatively exposing the substrate to PSS 
(1mg.mL-1) and PAH (1 mg.mL-1) for 5 min with an intermediate rinsing with Borax buffer 
after each polymer for 5 min. Alkaline phosphatase (1 mg.mL-1), PAA-CFF-Fmoc (0.2 
mg.mL-1) or PAA-CGGG-Fmoc (0.2 mg.mL-1) were adsorbed for 20 min followed by 5 min 
of rinsing step with Borax buffer.  
 
3. Quartz crystal microbalance with dissipation monitoring 
The QCM-D experiments were performed on a Q-Sense E1 apparatus (Q-Sense AB, 
Göteborg, Sweden) by monitoring the resonance frequencies of gold coated crystals, as well 
as the dissipation factors at four frequencies the fundamental frequency at 5 MHz ( = 1) and 
the 3rd, 5th, and 7th harmonics ( = 3, 5 and 7) at 15, 25, and 35 MHz). The QCM-D results 
give information on the adsorption process, as well as on viscoelastic properties of the 
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adsorbed film.[1] In a first approximation, the resonance frequency shifts are proportional to 
the mass of the film deposited on the crystal per unit area. However, this approximation holds 
only for homogeneous, quasi-rigid films with not too high the thickness. The reference 
frequencies and reference dissipations were measured when the crystal was in contact with the 
rinsing solution. For a thin and rigid film, i.e. when Δf/ is independent of , the mass m 
(ng/cm2), can be obtained by using the Sauerbrey equation[2]:  

fCm


.
QCM  
where C is the mass sensitivity constant (17.7 ng.cm-2.Hz-1) of the QCM crystal,  is the 
overtone number and Δf/ is expressed in Hz. We verified that the normalized frequency 
changes, Δf/(except for  = 1), were equal within ±12% so that the use of Sauerbrey’s 
equation to analyze our data was relevant.  
 
4. Atomic force microscopy 
Atomic force microscopy (AFM) was carried out with a BioScope Catalyst (Bruker corp., 
Santa Barbara, CA, USA). Micrographs from different interaction stages of FmocFFY-PO42- 
with the enzymatic film were recorded in the contact mode by using silicon tips mounted on 
nitride levers. All samples were observed in the dry state with triangular cantilevers having a 
spring constant of 0.4 N/m and a nominal tip radius of 2 nm. Selected AFM images (1µm x 
1µm) were treated with the ScanAsyst software (Bruker corp., Santa Barbara, CA, USA). 
 
5. Infrared spectroscopy 
The Fourier Transform Infrared (FTIR) experiments were performed on a Vertex 70 
spectrometer (Bruker, Germany) using DTGS detector. The spectra relative to the multilayers 
were determined in the Attenuated Total Reflection (ATR) mode using a 45° trapezoidal 
ZnSe (internal reflection element) crystal (6 reflections, dimensions 72 × 10 × 6 mm3) in ATR 
cell (GRASEBY-SPECAC, England). Reference (bare ZnSe crystal) and sample spectra were 
taken by collecting 128 interferograms between 800 and 4000 cm-1 at 2 cm-1 resolution, using 
Blackman-Harris three-term apodization and the standard Bruker OPUS/IR software (version 
5.0). Multilayer films were assembled on ZnSe crystal by dipping method as described above 
for the film built by QCM-D. All the sample spectra, as for the reference, were recorded with 
the ZnSe crystal in contact with air. PEI, PSS, PAH, Alkaline Phosphatase, PAA-CFF-Fmoc, 
Fmoc-FFY(PO4
2-) solutions were prepared as previously in D2O Borax buffer (2.5 mM, pH = 
9.5). 
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6. Fluorescence spectroscopy 
All fluorescence intensities were measured by using the spectrofluorometer FluoroMax-4 
from HORIBA JOBIN YVON at 290 nm of excitation wavelength and measured between 300 
– 440 nm. A special support was used to measure the fluorescence in solution during the self-
assembly of gel when PEI-(PSS/PAH)2-ALP-(PAH/PAA-CFF-Fmoc) film was put in contact 
with 0.90 mM Fmoc-FFY(PO4
2-) solution. 
 
7. Confocal laser scanning microscopy 
Confocal laser scanning microscopy images were captured with Zeiss LSM 710 microscope 
using a  63 oil objective (Achroplan, N.A. = 1.4). BSAFITC fluorescence was detected after 
excitation by argon laser with a cut-off dichroic mirror of 488 nm and emission band-pass 
filter 493-556 nm (green emission). Virtual vertical sections can be visualized, hence allowing 
approximate determination of the hydrogel thickness. Images were purchased with ZEN 2011 
software and analyzed by ImageJ (http://rsb.info.nih.gov/ij/). Multilayered films were 
prepared onto 12-mm glass slices by dipping and placed in a special confocal support 
allowing fluorescence capture in liquid state. 
 
8. UV spectroscopy 
Microplate reader UV spectroscopy (FLX-Xenius®, SAFAS, Monaco) was the main device 
entailed in enzymatic activity measurement. The ALP activity of the enzymatic multilayer 
films deposited on a glass slide was measured by incubation of the substrate, para-
nitrophenyl-phosphate (p-NPP) (1 mL at 1 mM in Borax buffer). Concentration and volume 
ensure a large excess of substrates for the enzymatic reaction. p-NPP is a colourless ALP 
substrate. Sequential enzymatic hydrolysis of the phosphate substituent of p-NPP yields a 
yellow absorbance at λ = 405 nm. PEI-(PSS/PAH)2-ALP-(PAH/PAA-CFF-Fmoc) and PEI-
(PSS/PAH)2-ALP-(PAH/PAA-CGGG-Fmoc) was disposed in a 24 well plate. 
 
References 
[1] M. V. Voinova, M. Rodahl, M. Jonson, B. Kasemo, Phys. Scr. 1999, 59, 391-396. 
[2] G. Sauerbrey, Z. Phys. 1959, 155, 206-222. 
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PART 1: Peptides characterization and preparation of modified PAA-CGGG-Fmoc and 
PAA-CFF-Fmoc 
General Informations 
All starting materials were obtained from commercial suppliers and were used without further 
purification. All dried solvents were purchased from Acros Organics. 1H NMR and 13C NMR 
spectra were recorded on Bruker Advance DPX400 (400 MHz) spectrometers. The NMR 
chemical shifts are reported in ppm relative to tetramethylsilane (DMSO-d6, CDCl3 or MeO-
d4) or tert-butanol (1.24 ppm) in D2O (s: singlet, t: triplet, q: quadruplet, dd: doublet of 
doublet, m: multiplet, br: broad). Infrared spectra were obtained on a Vertex 70 spectrometer 
(Bruker, Germany). The spectra were recorded in the Attenuated Total Reflection (ATR) 
mode. Merck RP-18 F254S plates were used for analytical thin layer chromatography. Silica 
gel 60 (particle: 40 – 60 µm) was used for flash chromatography. High-resolution mass 
spectra (HRMS) were recorded with an MicroTOF-Q (BRÜKER) mass spectrometer at the 
Service de Spectrométrie de Masse de la Faculté de Chimie (University of Strasbourg) and 
are given in m/z. 
 
Polyelectrolytes PAA-CGGG-Fmoc and PAA-CFF-Fmoc were prepared according the 
following synthetic pathway. 
 
 
1. Characterization of peptides Fmoc-FFY(PO42-), Fmoc-FFC and Fmoc-GGGC 
 
All three peptides Fmoc-FFY(PO4
2-), Fmoc-FFC and Fmoc-GGGC were purchased from 
Proteogenix company with a chemical purity of ≥ 95%. These peptides were further analyzed 
by 1H/13C NMR, infrared spectroscopy and mass spectroscopy (high resolution). 
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Fmoc-FFC. 1H NMR (DMSO-d6, 400 MHz) :  12.95 (s, 1H), 7.87 (d, J =7.7 Hz, 2H), 7.61 
(t, J = 7.7 Hz, 2H), 7.4 (td, J =7.2 Hz, J = 3.1 Hz, 2H), 7.25 (m, 10H), 7.16 (m, 2H), 4.64 (m, 
1H), 4.45 (m, 1H), 4.23 (m, 1H), 4.17 (m, 1H) , 4.11 (m, 2H), 3.09 (dd, J =13.8 Hz, J = 4.6 
Hz, 1H), 2.81 (m, 5H);  13C NMR (DMSO-d6, 100 MHz) :   171.4, 171.3, 171.0, 155.7, 
143.8, 140.6, 138.1, 137.8, 129.3, 128.0, 127.6, 127.0, 126.3, 125.3, 120.0, 65.6, 56.1, 54.4, 
53.7, 46.5, 37.4, 25.6; FTIR (neat, cm-1) 1689, 1642, 1533, 1259, 739, 696; HR ESI MS Calcd 
for C36H35N3O6S [M+Na
+] : 660.2144 found: 660.2156. 
 
 
 
Fmoc-FFY(PO42-). 1H NMR (DMSO-d6, 400 MHz):   7.88 (d, J = 7.5 Hz, 2H), 7.61 (m, J = 
7.4 Hz), 7.41 (m, 2H),  7.2 (m, 12H), 7.15 (m, 2 H), 7.09 (d, J = 8.1 Hz, 2H), 4.60 (m, 1H), 
4.43 (m, 1H), 4.21 (m, 1H),  4.17 (m, 1H), 4.10 (m, 2H), 3.04 (m, 2H),  2.81 (m, 2H),   2.96 
(m, 2H);  13C NMR (DMSO-d6, 100 MHz):  172.6, 171.3, 171.2, 155.6, 143.6, 140.6, 137.7, 
129.2, 127.9, 127.6, 127.0, 126.1, 125.2, 120.0, 65.6, 56.0, 53.6, 46.5, 37.6, 37.4; FTIR (neat, 
cm-1): 1692, 1646, 1536, 1508, 1450, 1260, 1223, 1034, 972, 738, 696; HR ESI MS Calcd for 
C42H40N3O10P [M+H
+] : 778.2529 found: 778.2574. 
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Fmoc-GGGC. 1H NMR (DMSO-d6, 400 MHz):   7.9 (d, J =7.4 Hz, 2H), 7.73 (d, J = 7.4 
Hz, 2H), 7.43 (t, J = 7.5 Hz, 2H), 7.34 (t, J = 7.5 Hz, 2H), 4.42 (m, 1H), 4.31 (m, 2H), 4.24 
(m, 1H), 3.8 (t, J = 5.0 Hz), 3.76 (d, J = 5.4 Hz, 2H), 3.68 (d, J = 6.1 Hz, 2H); 13C NMR 
(DMSO-d6, 100 MHz):   171.4, 169.5, 169.1, 168.8, 156.5, 143.8, 140.7, 127.6, 127.1, 
125.2, 120.1, 65.7, 54.3, 46.6, 43.5, 42.0, 41.7, 25.6; FTIR (neat, cm-1) 1657, 1534, 1254, 
755, 738; HR ESI MS Calcd for C24H26N4O7S [M+Na
+]: 537.1419 found: 537.1441. 
 
2. Preparation of modified PAA : PAA-CFF-Fmoc and PAA-CGGG-Fmoc 
 
 
3-Maleimidopropionic acid N-hydroxysuccinimide ester (MalOSu) prepared according 
to literature (Haralambidis, J. et al. Bioconjugate Chem. 1994, 5, 373-378). β-alanine (9.142 
g, 102.6 mmol, 1.0 eq.) was added in one portion to a solution of maleic anhydride (10.063 g, 
102.6 mmol, 1.0 eq.) in dry DMF (60 mL) under Ar and the mixture was stirred during 5h. 
The reaction mixture was cooled at 0 °C and N-hydroxysuccinimide (NHS, 14.763 g, 128.23 
mmol, 1.25 eq.) was added and then,  dicyclohexylcarbodiimide (DCC, 42.348 g, 205.24 
mmol, 2.0 eq.). This mixture was allowed to warm up to room temperature and stirred 
overnight. The crude was filtered through Celite to remove the resulting dicyclohexylurea 
(DCU) and rinse with CH2Cl2. The filtrate was diluted with additional CH2Cl2 and washed 
with saturated aqueous NaHCO3 solution. The aqueous layer was then extracted twice with 
CH2Cl2 and the combined organic layers were washed five times with brine. The organic layer 
was dried over MgSO4, filtered and evaporated. The crude was diluted in CHCl3 (1.5 L) and 
addition of cold n-hexane allowed the precipitation of the desired product (named MalOSu) 
which was recovered by filtration (20.365 g, 76%). FTIR (neat, cm-1): 1712, 1704, 1211; 1H 
NMR (CDCl3, 400 MHz):  2.82 (s, 4H), 3.02 (t, J = 6.9 Hz, 2H), 3.94 (t, J = 7.0 Hz, 2H), 
6.73 (s, 2H); 13C NMR (CDCl3, 100 MHz): δ 170.0, 168.7, 166.0, 134.3, 32.9, 29.7, 25.5.  
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tert-butyl(2-(2-(2-(3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)propanamido)ethoxy)ethoxy) 
ethyl)carbamate (Mal-NHBoc). MalOSu (205 mg, 772 µmol, 0.9 eq.) was added in one 
portion to a solution of N-Boc-2,2’-(ethylenedioxy)diethylamine (213 mg, 858 µmol, 1.0 eq.) 
in anhydrous CH2Cl2 (5 mL) and the resulting mixture was stirred overnight. The reaction was 
quenched with 10 mL of saturated aqueous NaHCO3 and extracted 3 times with CH2Cl2. The 
combined organic layers were washed with brine, dried over MgSO4, filtered and evaporated 
to give the desired product Mal-NHBoc as a white solid (305 mg, 99%) which was used in the 
next step without further purification. FTIR (neat, cm-1): 3345, 3315, 2977, 2872, 1697, 1684, 
1535; 1H NMR (CDCl3, 400 MHz):  1.44 (s, 9H), 2.53 (t, J = 7.3 Hz, 2H), 3.32 (bs, 2H), 
3.43 (q, J = 5.1 Hz, 2H), 3.52-3.62 (m, 8H), 3.85 (t, J = 7.2 Hz, 2H), 6.69 (s, 2H); 13C NMR 
(CDCl3, 100 MHz) :δ 170.4, 169.7, 156.0, 134.1, 79.3, 70.2, 70.1, 70.1, 69.7, 40.3, 39.2, 34.5, 
34.3, 28.3. 
 
 
Trifluoroacetate salt of N-(2-(2-(2-aminoethoxy)ethoxy)ethyl)-3-(2,5-dioxo-2,5-dihydro-
1H-pyrrol-1-yl)propanamide (Mal-NH3+TFA). Mal-NHBoc (533 mg, 1.334 mmol, 1.0 eq.) 
was dissolved in CH2Cl2 (15 mL) and treated with TFA (1.5 mL) for 2h. The resulting 
reaction mixture was then concentrated under reduced pressure leading to the desired product 
Mal-NH3
+TFA as a colourless oil (560 mg, quantitative yield). This compound was used in 
the next step without further purification. 1H NMR (CDCl3, 400 MHz):  2.60 (t, J = 6.8 Hz, 
2H), 3.30 (bs, 2H), 3.41-3.50 (m, 2H), 3.56-3.63 (m, 4H), 3.68-3.72 (m, 2H), 3.77-3.83 (m, 
4H), 6.71 (s, 2H). 
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PAA-Maleimide. Poly(acrylic acid) (921 mg, 4.35 mmol, 1.0 eq.) was dissolved in MES 
buffer at pH=6. EDC.HCl (250 mg, 1.3 mmol, 0.3 eq.) and NHS (500 mg, 4.35 mmol, 1.0 eq.) 
were added in one portion to the solution and stirred for 2h. Mal-NH3
+TFA (489 mg, 0.87 
mmol, 0.2 eq.) was added to the previous mixture and let stirred overnight at room 
temperature. The reaction mixture was purified by dialysis (Zellutrans Roth, Co., MW 12000-
14000) against aqueous 0.5M NaCl solution and milliQ water. The dialysate was freeze-dry 
providing PAA-Maleimide as a white powder. FTIR (neat, cm-1): 1705, 1559, 1450, 1403; 1H 
NMR (D2O, 400 MHz):  1.65 (br m, 2H, CH2(β) PAA), 2.30 (br s, 1H, CH(α) PAA), 2.65 
(br t, 2H, CH2 ethylene linker), 3.05-3.30 (br m, H, CH2 ethylene and ethylene oxide linker), 
3.35-3.60 (br m, H, CH2 ethylene oxide linker), 6.90 (br s, 2H, CH=CH maleimide group). 
The integration of the signal at 6.90 ppm  (br s, 2H, CH=CH maleimide group) in comparison 
with the integration of the broad signal at 2.30 ppm (br s, 1H, CH(α) PAA) gives 5% of 
modification degree. 
 
 
 
PAA-CFF-Fmoc. PAA-Maleimide (90.4 mg, 0.2 mmol, 1.0 eq.) was dissolved in milliQ 
water. In a spare vial, Fmoc-FFC (7.8 mg, 0.12 mmol, 0.05 eq.) previously dissolved in 
dimethylformamide was added dropwise to the polymer solution. The reaction mixture was 
stirred for 24h at room temperature. The crude product was dialyzed against water and brine 
(0.5M) to result a with solid dried under vacuum. FTIR (neat, cm-1) 1705, 1646, 1559, 1450, 
1250, 1166, 1081, 1020, 791; 1H NMR (D2O, 400 MHz):  1.70 (br m, 2H, CH2(β) PAA), 
2.30 (br s, 1H, CH(α) PAA), 2.50 (br s), 2.90 (br s), 3.10-3.80 (br m), 4.05-4.20 (br m), 5.4 
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(br s), 7.05-7.80 (br m, CH aromatic of Fmoc group). The singlet at 6.90 ppm corresponding 
to CH=CH of the maleimide group of PAA-Maleimide is no longer present in the 1H NMR 
spectra of PAA-CFF-Fmoc. The integration of the broad signal at 7.05-7.80 ppm (br m, CH 
aromatic of Fmoc group) in comparison with the integration of the broad signal at 1.70 ppm 
(br m, 2H, CH2(β) PAA) gives 5% of modification degree. 
 
PAA-CGGG-Fmoc. PAA-Maleimide (80 mg, 0.2 mmol, 1.0 eq.) and commercial Fmoc-
GGGC (27.4 mg, 0.05 mmol, 0.2 eq.) were diluted in milliQ water and stirred for 24h. The 
reaction mixture was dialyzed for several days against brine (0.5M) and water and dried under 
vacuum to obtain a white solid. FTIR (neat, cm-1) 1705, 1646, 1541, 1450, 1404, 1250, 1166, 
791; 1H NMR (D2O, 400 MHz):  1.70 (br m, 2H, CH2(β) PAA), 2.30 (br s, 1H, CH(α) PAA), 
3.30-4.60 (br m), 7.10-7.80 (br m, CH aromatic of Fmoc group). Because the singlet at 6.90 
ppm corresponding to CH=CH of the maleimide group of PAA-Maleimide is no longer 
present in the 1H NMR spectra of PAA-CGGG-Fmoc, we have considered this polymer 
modified with 5% of grafting ratio.  
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PART 2: Preliminary tests of gelation in vials 
All the following experiments were realized in Borax Buffer (25mM, pH 9.5).  
 
1. Fmoc-FFY(PO42-) (0.9 mM) and Alkaline Phosphatase (25 U.mL-1) were dissolved in 1 mL 
of Buffer. After 15 min, the vial was turned upside down showing a stable hydrogel (Vial 1 
in the picture below). 
 
2. Fmoc-FFY(PO42-) (0.9 mM) and Alkaline Phosphatase (1 U.mL-1) were dissolved in 1 mL 
of Buffer. No gel was formed after 15 min (Vial 2 in the picture below). 
 
3. Fmoc-FFY(PO42-) (0.6 mM)and (0.5 mg.mL-1) PAA-CFF-Fmoc mixture (corresponding to 
0.3 mM of peptides “Fmoc-FF”), was added to Alkaline Phosphatase (1 U.mL-1) in 1 mL 
of buffer. After 15 min, the vial was turned upside down showing a stable hydrogel (Vial 3 
in the picture below). 
 
 
4. Fmoc-FFY(PO42-) (0.6 mM), PAA-CGGG-Fmoc (0.5 mg.mL-1, corresponding to 0.3 mM 
of peptides “Fmoc-GGG”) and Alkaline Phosphatase (1 U.mL-1) were dissolved in 1 mL of 
buffer. 15 min after Alkaline Phosphatase addition, no gel was observed (Vial 4 in the 
picture below). 
 
5. Fmoc-FFY(PO42-) (0.9 mM), PAA (0.5 mg.mL-1) and Alkaline Phosphatase (1 U.mL-1) 
were dissolved in 1 mL of buffer. No gel was observed after 15 min (Vial 5 in the picture 
below). 
 
 
 
 
1 2 3 4 5 
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PART 3: Influence of the decrease of ALP density on the hydrogel formation 
 
We also modulated the catalytic activity of the film by decreasing the amount of ALP in the 
film. This was done by using various concentrations of ALP during the film buildup (0, 0.25, 
0.50, 1 mg.mL-1). First of all, we checked by QCM-D that the mass of ALP adsorbed for each 
concentration used is proportional to the variation of the opposite of the fundamental 
frequency shift measured after contact with a 0.90 mM of Fmoc-FFY(PO4
2-) solution (Figure 
below). Thus, by decreasing the density of ALP in the multilayer, one observes correlatively a 
quasi linear decrease of the gel buildup when the film is brought in contact with the initiating 
Fmoc-FFY(PO4
2-) solution peptide (Figure below). 
 
 
 
(White dots) Mass adsorbed of ALP in PEI-(PSS/PAH)-ALP-(PAH/PAA-CFF-Fmoc) film, 
measured by QCM-D using Sauerbrey equation, as a function of the concentration of ALP 
used; (black dots) Evolution of the opposite of the fundamental frequency shift, measured at 5 
MHz by QCM-D, after 12 h of self-assembly of gel from Fmoc-FFY(PO4
2-) on PAA-CFF-
Fmoc ended film as a function of the concentration of ALP deposited onto the film. 
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Figure S1: Evolution of the fundamental frequency shift (full line) and dissipation (dashed 
line), measured at 5 MHz by QCM-D, as function of time after 0.90 mM Fmoc-FFY(PO4
2-) 
solution injection on (red) PEI-(PSS/PAH)2-PAA-CFF-Fmoc and after 0.90 mM Fmoc-
FFY(PO4
2-) and 0.33 mg.mL-1 (1 U.mL-1) ALP mixture solution injection on (black) PEI-
(PSS/PAH)2-PAA-CFF-Fmoc film and (blue) PEI-(PSS/PAH)2-(PAH/PAA-CGGG-Fmoc). 
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Figure S2: Evolution of the opposite of the fundamental frequency shift and the harmonics, 
measured at 5, 15, 25 and 35 MHz by QCM-D, as function of time during the buildup of PEI-
(PSS/PAH)2-(PAA-CFF-Fmoc) multilayer films brought in contact with 0.33 mg.mL
-1 ALP 
solution (1 U.mL-1). 
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Figure S3: Evolution the opposite of the fundamental frequency shift, measured at 5 MHz by 
QCM-D during the buildup of the multilayer PEI-(PSS/PAH)2-ALP-(PAH/(PAA-CFF-Fmoc). 
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Figure S4: Evolution of the optical density (OD) as a function of time of a paranitrophenyl 
phosphate (PNP) solution brought in contact with (red curve) PEI-(PSS/PAH)2-ALP-
(PAH/PAA-CFF-Fmoc) and (blue curve) PEI-(PSS/PAH)2-ALP-(PAH/PAA-CGGG-Fmoc) 
multilayer. The absorbance was measured at 405 nm. PNP is transformed into 
paranitrophenol (max = 405 nm) and phosphate ions by ALP immobilized into the film. The 
measurement was performed with a microplate reader (see Materials and Methods section 
described above in SI). The value of the slopes are 4.3 × 10-3 and 3.9 × 10-3 for PAA-CFF-
Fmoc and PAA-CGGG-Fmoc ended films, respectively.  
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Figure S5: (a) Evolution of ATR-FTIR spectra as a function of time after 0.90 mM Fmoc-
FFY(PO4
2-) solution injection on PEI-(PSS/PAH)-ALP-(PAH/PAA-CFF-Fmoc) multilayer. 
(b) Evolution of the intensity of absorbance measured at 1631 cm-1, assigned to carbonyl 
groups of the amide I band involved in β-sheet structures. Prior to the injection of the 0.90 
mM Fmoc-FFY(PO4
2-) solution, the initial IR spectrum of the film PEI-(PSS/PAH)-ALP-
(PAH/PAA-CFF-Fmoc) shows amide I band and carbamate peak due to PAA-CFF-Fmoc 
layer. 
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Figure S6: Evolution of the fluorescence intensity over time, at excitation wavelength of 290 
nm, when the film PEI-(PSS/PAH)-ALP-(PAH/PAA-CFF-Fmoc) is brought in the contact 
with 0.90 mM Fmoc-FFY(PO4
2-) solution.  
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Figure S7: Typical AFM images, obtained in contact mode and dry state, of the gel built from 
the multilayer PEI-(PSS/PAH)-ALP-(PAH/PAA-CFF-Fmoc) when brought in contact with  
0.90 mM Fmoc-FFY(PO4
2-) solution during: (a) 0 s (z-scale = 30 nm), (b) 30 s (z-scale = 30 
nm), (c) 2 min (z-scale = 30 nm), (d) 5 min (z-scale = 76 nm), (e) 20 min (z-scale = 70 nm), 
(f) 120 min (z-scale = 40 nm) and (g) 12 h (z-scale = 15 nm). 
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